Background: Endoscopic harvesting of muscle flaps is well described for gracilis, latissimus dorsi, gastrocnemius, and pectoralis major amongst others. So far there has been no description of endoscopic harvesting of the rectus femoris muscle as a free flap. The purpose of this study was to compare the perioperative outcomes of harvesting the free rectus femoris muscle flap endoscopically as compared to the standard approach. 34 cm 2 in the endoscopic group and 60 6 42 cm 2 in the standard group (P 5 .52). The mean total reconstruction time in the endoscopic group was 228 6 48 minutes and 216 6 64 minutes in the standard group (P 5 .50). There was no significant difference between flap survival (P 5 N/A), complication rates (P 5 .33), and length of admission (P 5 .84) in the two groups.
| I N TR ODU C TI ON
Endoscopic surgery has become increasingly widespread. As we strive to do less harm to our patients, we minimize the invasiveness of our procedures in order to allow them to recover faster. Interest in endoscopic harvesting of flaps has grown as a means to minimize donor site morbidity. Successful conversion from open surgery to endoscopic surgery depends on five criteria. These include a substantial reduction in incision length, no significant increase in the harvesting time, equivalent success rate, equal or fewer complications, and comparable costeffectiveness. Endoscopic harvesting of muscle flaps are well described for gracilis (Hallock, 1999; Spiegel, Lee, Trabulsy, & Coughlin, 1998) , latissimus dorsi (Missana & Pomel, 2007) , gastrocnemius (Basmacioglu et al., 2002) , and pectoralis major (Chou et al., 2016; Turkman & Perks, 2005 ) amongst others, but so far there has been no description of endoscopic harvesting of the rectus femoris muscle as a free flap. We found that due to the constant anatomical structure of the muscle as well as its cylindrical shape, it is ideal to be harvested with the endoscope. The purpose of this study was to investigate the perioperative outcomes of harvesting the rectus femoris free flap endoscopically as compared to the standard approach. muscle flap, they were excluded. A total of 50 patients were included in this study. Their ages ranged from 37 to 92 years old. During the study period, one author (HH) performed all free rectus femoris muscle flap harvests with the endoscope. There were 20 patients in the endoscopic group. All the other surgeons performed free rectus femoris muscle flap harvest through a standard approach. In the standard harvesting group there were 30 patients. The patients who underwent endoscopic harvesting were compared to those who underwent harvesting with the standard approach. Demographic data and medical history was obtained by retrospective chart review. Data that was collected included: age, gender, comorbid illnesses, defect size, operative time, length of incision, length of pedicle, distance of the pedicle from the inguinal ligament, and flap survival rate. Patient's peri-operative and post-operative course was carefully followed up and their surgical and medical complications were noted. The institution review board of our hospital approved the undertaking of this study. None of the authors has a financial interest in any of the products or devices mentioned in this manuscript.
| Surgical technique
The patient was placed in the supine position, and the surface landmark of the inguinal ligament was marked out. A mid-anterior line was drawn over the thigh from the patella to where it transects the line marking out the inguinal ligament. The vascular pedicle to the rectus femoris muscle was usually located at around 8 cm from the inguinal ligament along this midanterior line. A 5 cm incision was made over the midanterior line with the point marking out the vascular pedicle as its central point ( Figure 1A ).
The incision was carried down vertically to the muscle fascia. The pedicle was identified at this time and dissected out until it reaches its origin from the descending branch of the lateral circumflex femoral artery (Figure 1B) . The rectus femoris was easily separated from the vastus lateralis through a plane of loose areolar tissue by blunt dissection, taking care to protect the vascular pedicle. A 4 mm diameter, 15-degree angle scope (Karl Storz, Tuttlingen, Germany), mounted to a standard operating rigid laryngoscope (Karl Storz Kantor Berci video-laryngoscope, Tuttlingen, Germany) was used for distal muscle dissection (Figure 2 ). Due to its fusiform shape it was easily freed from its surrounding tissue under video endoscopic guidance by direct blunt dissection. Hemostasis was achieved with endoscopic monopolar hook-shaped coagulator (as used in laparoscopic surgery). An endoscopic suction irrigation cannula was inserted when using the coagulator to extract the smoke that was created. The operator controlled the retractor and the coagulator. The assistant held the suction irrigation cannula. Once the distal tendinous portion of the muscle was seen, the muscle was detached with the hooked-shaped coagulator at this level under direct visualization (Figure 3 ). It was important to dissect the muscle free at this level, as the muscle was thinner here. Alternatively, a stab incision can be made in the distal thigh under direct vision with the endoscope and a monopolar diathermy can be introduced through this opening to facilitate the dissection of the distal end of the muscle flap. The proximal portion was then freed with a monopolar diathermy. The whole muscle flap should be free at this moment only to be attached by the pedicle. It can be delivered to the skin surface via the 5 cm incision that was initially made ( Figure 4A ,B). The   FIG URE 1 A, The vascular pedicle to the rectus femoris muscle was usually located at 8 cm from the inguinal ligament along a midanterior line drawn over the thigh from the patella to where it transected the line marking out the inguinal ligament. A 5 cm incision was made over the mid-anterior line with the point marking out the vascular pedicle as its central point. B, The pedicle was identified at this time and dissected out until it reached its origin from the descending branch of the lateral circumflex femoral artery FIGURE 2 Equipment required: The rigid laryngoscope (Karl Storz Kantor Berci video-laryngoscope, Tuttlingen, Germany) with the 4 mm diameter, 15-degree angle scope (Karl Storz, Tuttlingen, Germany), endoscopic monopolar hook-shaped or spatula-shaped coagulator (as used in laparoscopic surgery), and suction irrigation cannula pedicle was ligated at its origin from the descending branch of the lateral circumflex femoral artery and the flap was elevated as a free flap. The wound then was closed in layers after a suction drain was placed.
| Statistics
Statistical analysis included independent t test for continuous variables and Fishers exact test for descriptive variables. All analysis were performed using SPSS version 22. Statistical significance was defined as a P values of <.05.
| R E SU LTS
Twenty flaps were harvested endoscopically and 30 flaps were harvested with the standard procedure. In the endoscopic group there were 17 males and 3 females with a mean age of 67 6 9.4 years old and there were 21 males and 9 females with a mean age of 65 6 13.5 years old in the standard harvesting group (P 5 .47). The etiologies of the defects in the endoscopic group were due to diabetic foot in 13 cases, trauma in 3 cases, malignancy in 2 cases, and necrotizing fasciitis in 2 cases. In the standard group, the causes of the defects were due to diabetic foot infection in 22 cases, burn injury in 1 case, 3 cases due to pressure sore of the heel, 2 cases as result of the necrotizing fasciitis of the lower limb, and 2 cases due to trauma. The locations of the defects in the endoscopic group were the dorsal foot in 9 cases, forefoot in 6 cases, the ankle in 1 case, the pre-tibial area in 2 cases, and overlapping areas of the foot in 2 cases.
Whereas in the standard group, the defects were located over the pretibial area with exposure of the underlying bone in 3 cases, the dorsal foot in 6 cases, the plantar foot in 2 cases, the forefoot in 10 cases, the heel in 2 cases, the ankle in 1 case, and overlapping areas of the foot in 6 cases. The average defect size was 96 6 60 cm 2 in the endoscopic group as compared to the 78 6 74 cm 2 in the standard group (P 5 .45). There was also no difference in comorbid illness in the two groups with regards hypertension (P 5 .76), coronary artery disease (P 5 .54), and end stage renal failure (P 5 1). Only the standard group contained more diabetic patients (P 5 .04) ( Table 1 ). The average flap size was 72 6 34 cm 2 in the endoscopic group and 60 6 42 cm 2 in the standard group (P 5 .52).
FIG URE 3
Intraoperative endoscopic view of direct muscle dissection with the monopolar hook-shaped coagulator. The suction irrigation cannula was seen to extract the smoke that was created during diathermy   FIG URE 4 A,B, After dissecting out the flap, the whole muscle flap should be free only to be attached by the pedicle. It could be delivered to the skin surface via the 5 cm incision that was initially made P values < .05 is statistically significant, n 5 number of patients, min 5 minutes, CAD 5 coronary artery disease, N/A 5 not applicable.
In the endoscopic group, the mean distance of the pedicle from the inguinal ligament was 8.3 6 0.54 cm and the mean length of the pedicle was 5.2 6 0.55 cm. The mean flap harvest time from incision to wound closure was 36 6 5 minutes. The mean incision length at the donor thigh was 5.34 6 0.7 cm. These results were not recorded in the standard group.
The mean total reconstruction time was 228 6 48 minutes in the endoscopic group and 216 6 64 minutes in the standard group (P 5 .50). Of both groups there were no total flap losses (P 5 N/A).
In the endoscopic group two patients encountered infection at the recipient site requiring further debridement. One patient developed a seroma of the donor site. This improved with office aspiration and compression dressing and in the standard group there were two patients with wound infection requiring further debridement and two patients who underwent further isolated toe amputation. There was no statistical significance in the complication rates between the two groups (P 5 .33). The mean length of admission was 25 6 8 days in the endoscopic group and 26 6 13 days in the standard group (P 5 .84).
Follow-up at one year showed no major limb amputations in both groups. The limb salvage rate between the two groups at one-year follow up was not significantly different (P 5 N/A).
A representative case of a lower limb defect reconstructed with an endoscopically harvested rectus femoris free flap is shown in Figure   5A -F. The short scar of the endoscope-assisted harvested rectus femoris was hidden even when wearing short pants as compared to that of the standard group ( Figure 6A ,B).
| D ISC USSION
The use of endoscope in surgery is now well established. Its usage in the harvesting of muscle flaps such as the gracillis (Hallock, 1999; Spiegel et al., 1998) , latissimus dorsi (Missana & Pomel, 2007) , gastrocnemius (Basmacioglu et al., 2002) , pectoralis major (Chou et al., 2016; Turkman & Perks, 2005) , rectus abdominis (Bass, Karp, Benacsquista, & Kasabian, 1995; Sawaizumi, Onishi, & Maruyama, 1996) , and serratus anterior (Erdmann & Koegst, 2014) amongst others has been well described. Recent studies have extended the use of endoscope to endoscope-assisted perforator flap harvest. This has allowed for FIG URE 5 A-F, A 60-year-old woman with history of poorly controlled diabetes mellitus, presented with swelling and pain of the left foot for one week. Clinically, wet gangrene of the left 4th and 5th toe with extension of the infection into the plantar foot was seen. Debridement of the necrotic tissue was well as amputation of the 4th and 5th toe was done. A, The plantar view of the defect. B, The dorsal view of the defect with the recipient vessels located. Once the infection was under control, a free rectus femoris muscle flap harvested endoscopically was used for coverage. C, Shows the plantar view of the reconstructed foot and D, shows the dorsal view. E, The plantar view and F, the dorsal view of the foot at 6 months follow-up. A well-contoured flap was seen. The patient was able to mobilize well at this time FIGURE 6 A, A long scar along the length of the thigh could be seen extending from the proximal to the distal thigh with the standard procedure. B, The short scar from the endoscopic-assisted procedure was well hidden. If the skin graft was harvested from the upper lateral thigh, both scars would be out of sight even when wearing short pants precise designs of flaps based on the location of the perforator vessels once located by the endoscope (Katsuragi-Tomioka, Nakagawa, Yamamoto, Kayano, & Matsui, 2012) . It has also allowed for accurate identification of perforators to facilitate perforator-based pedicled free style fasciocutaneous flaps (Huang, Lin, Wu, & Yen, 2015) . CO 2 insufflation to create a better optic cavity and using standard laparoscopic equipment has also been described for latissimus dorsi muscle flap harvest (Kiiski, Kaartinen, Kotaluoto, & Kuokkanen, 2017) , as well as description of endoscope-assisted harvest of latissimus dorsi muscle free flap in the supine position to facilitate a two-team approach for oral cavity reconstruction (Cha, Jeong, & Ahn, 2013) . Others have used electrothermal bipolar vessel sealer to facilitate and expedite endoscopeassisted muscle flap harvests (Guven et al., 2010) . can be used to create an optimal optic cavity or with the use of flexible, gastight, single incision laparoscopic surgery (SILS) port with gas insufflation as in serratus anterior flap harvesting (Erdmann & Koegst, 2014) . In endoscope-assisted flap harvesting, the use of an endoscope retractor is required to create the optical cavity. There are two methods for dissecting out the muscle flap when using the retractor. The first is by making a small insertion in the distal portion of the muscle and dissecting the muscle proximally with an endoscopic subcutaneous dissector. Once the proximal vascular pedicle is located, a further incision is made at this point to dissect out the vessels under direct vision (Hallock, 1999) . A second method is to make a proximal incision first and dissect out the vascular pedicle under direct vision (Spiegel et al., 1998) . This was the method used in our approach.
The rectus femoris muscle flap is a well-established flap either as a pedicle or as a free flap. It is a long, cylindrical muscle that is part of the quadriceps muscles. It originates from the anterio-inferior iliac spine and the upper part of the acetabulum, and inserts to the patella via the quadriceps tendon. The blood supply is from the descending branch of the lateral circumflex femoral artery, with the conmitant veins providing venous drainage. Schenk first used it as a free flap for repair of a defect of the forearm due to trauma in 1978 (Schenk, 1978) . Wei et al.
in 1995 described the use of the rectus femoris muscle as an option in free muscle flap selection (Wei et al., 1995) . Due to its constant anatomical structure and its fusiform shape we found that it was ideal for harvesting as a free muscle flap using the endoscope. Even though we used a rigid laryngoscope in our patients, as it was readily available, any other standard light retractors are equally suitable. The added benefit of using a rigid laryngoscope was that it was more robustly fabricated allowing for better distension to create an optimal optical cavity. The rigid laryngoscope was sufficient in all our patients as our patients, generally speaking, are not very tall. It might not be sufficient in taller patients.
The benefits of using an endoscope-assisted harvesting of the recuts femoris muscle flap include: it is technically easy with a short learning curve, a good-sized muscle flap can be harvested which was suitable for medium-sized defects, it has a reliable blood supply, the anatomy of the pedicle was fairly constant with vessel diameters that is well suited for microsurgical anastomosis, the nerve can be harvested together with the vascular pedicle allowing for functional muscle transplantation. The key advantage to using endoscope-assisted harvesting of the free rectus femoris muscle flap, apart from a short skin incision resulting in a smaller scar, was that the descending branch of the lateral circumflex artery to the vastus lateralis muscle and the anterolateral thigh was preserved. In this way both the vastus lateralis muscle and the anterolateral thigh flap can be preserved for future use. When compared to the standard procedure, the short scar was well hidden, and if the skin graft was harvested from the upper lateral thigh, then both scars will be out of sight even when wearing short pants. The main disadvantages are that the flap has a short pedicle of 5.2 6 0.55 cm. It was also a fairly bulky flap even though debulking can take place primarily. Skin grafts are also required for coverage of the muscle flap.
The major concern with regards harvesting the rectus femoris muscle was donor site morbidity. There is still considerable controversy with regards this. Bostwick, Hill, and Nahai (1979) and Bhagwat, Pearl, and Laub (1978) had noted the possibility of decreased leg strength and poor knee extension after using the rectus femoris. But no quantitative results were described. Caulfield, Curtsinger, Powell, and Pederson (1994) noticed a decrease in knee strength of around 24%-28%, but improved with physiotherapy. They further noted that the difference in postoperative strength between the operative and nonoperative leg was similar to the difference in strength of the dominant and non-dominant leg. Daigeler, Dodic, Awiszus, Schneider, and Fansa (2005) found that harvesting of the rectus femoris muscle resulted with a deficit in true maximal capacity of 18% and a loss of maximal voluntary contraction force of almost 22%. But they went on to describe that despite significant loss of force, most patients did not notice the deficit and reported no decrease in everyday function. They further described that postoperative rehabilitation program will improve the outcome allowing for the maximal contraction force to return to normal. Sbitani, Koltz, Girotto, Vega, and Langstein (2010) conducted a study where the subjects were tested with a dyanomometer 33 months postoperatively and found minimal isolated deficits in the quadriceps strength after rectus femoris harvest. Wei et al. (1995) LEE ET AL.
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reported no noticeable loss of leg function. Koshima, Moriguchi, Inagawa, and Urushibara (1999) also reported similar findings. All seem to agree that there is a return of function with minimal deficit if postoperative physiotherapy was undertaken. We noticed no gross functional deficits in our patients with regards knee extension, flexion, or range of motion of the hips.
Other complaints related to the rectus femoris muscle flap are the donor-site morbidity associated with a long incision and the relatively invasive harvesting procedure. Some complained of hypesthesia of the lateral suprapatellar which may be due to transecting the anterior cutaneous branches of the femoral nerve during harvesting of the muscle (Daigeler et al., 2005) . Using endoscope-assisted harvesting of this flap avoided the long scar. Our patients did not complain of the hypesthesia problem.
Nelson et al. (2014) described using a minimal invasive method of harvesting of the rectus femoris muscle as a pedicled flap by making 5-7 cm incision over the midpoint of the rectus femoris, over the distal two-thirds of the midanterior thigh. It has the same concepts as our study, but differs in that we made a 5 cm incision at a distance of 8.1 6 0.37 cm from the inguinal ligament along the midanterior thigh. This will be located in the proximal third of the thigh and not in the distal two-thirds as described in their study. We used our flap as a free flap though it could as easily be used as a local pedicled flap. This current study demonstrated that using endoscope-assisted harvesting of the free rectus femoris muscle flap decreased the length of incision required for flap harvesting and when compared to the standard approach, there was no significant increase in operative time and complication rate.
The study is limited by its retrospective nature. We could not compare the harvesting time between the two groups as we did not routinely keep track of the harvesting time for the standard approach. But looking at the total reconstructive time, there was no statistical significance, allowing us to come to a conclusion that endoscopic flap harvesting did not take longer than the standard approach. We were also limited by not measuring the length of the scar in the standard approach but it was always longer than the 5 cm scar created in the endoscopic group.
| C ONC LUSI ON
Endoscope-assisted harvesting of a free rectus femoris muscle flap is feasible option and permits a small scar at the donor site.
